INTRODUCTION
The International Journal of Intelligent Systems (IJIS) is a leading journal in the field of computer science and artificial intelligence with a focus on theories based on intelligent systems construction. It was created in 1986 by the current editor-inchief, Ronald R. Yager. Over time, the journal has grown significantly and today is a main reference worldwide. 1 It is included in the Journal Citation Reports of the Web of Science Core Collection, which only indexes those journals that are recognized as being of the highest quality. Currently, it is a monthly journal published by John Wiley & Sons, international publisher.
Bibliometrics is a research field that studies bibliographic material quantitatively 2 by analyzing a research area and identifying its leading trends. Bibliometrics can be developed in a wide range of contexts including the analysis of a research topic, 3, 4 journals, 5, 6 institutions, 7 and countries. 8 In computer science, there are many bibliometric studies concerning a wide range of issues including journals 9, 10 and countries. 11, 13 More specifically, there are several bibliometric studies close to the scope of IJIS including computational intelligence, 14 fuzzy sets and systems, 1 aggregation operators, 15 intuitionistic fuzzy sets, 16 linguistic decision making, 17 gray systems, 18 and ant colony optimization. 19 In 2016, IJIS celebrates its 30th anniversary. Motivated by this event, the aim of this paper is to develop a bibliometric overview of the journal between 1986 and 2015. By doing so, we can see who is leading the journal and the main trends that have had more influence. The analysis considers a wide range of issues including the publication and citation structure of the journal, most-cited papers, the most influential authors, institutions and countries, and citing articles. The study also uses the VOS viewer software 20 to visualize leading trends in the journal through bibliographic coupling 21 and co-citation analysis. 22 The remainder of the paper is structured as follows: Section 2 briefly reviews the bibliometric methods used in the analysis. Section 3 presents the publication and citation structure of the journal. Section 4 develops a mapping of the documents published in the journal by using the VOS viewer software. Section 5 summarizes the main findings and conclusions of the paper.
BIBLIOMETRIC METHODS
There is a wide range of methodologies that can be implemented when developing a bibliometric review. This study focuses on a general overview that presents different indicators so that each reader can reach his or her own understanding of the bibliometric data. The main reason for this approach is that there is no single method agreed upon by everyone for evaluating research. The key problem is that some people prefer to focus on certain bibliometric indicators, whereas other people might prefer other indicators. However, it is clear that the comparison between productivity and influence can be measured with the number of publications and citations, respectively. Some authors assign more importance to productivity and vice versa. Therefore, each method can evaluate the data differently. An alternative to obtain a unified method could be using a consensual process in which everyone agrees on the importance of each variable. However, this process would be a subjective method because it is largely based on the opinion of some experts in the field.
To provide a complete picture of the data, the work uses total number of publications and citations, citations per paper, the h-index, 23, 24 citing articles and citation thresholds. The h-index is an index that combines publications with citations. If a variable has an h-index of X, then there are X papers inside the set of papers considered that have received X citations or more. Moreover, there are not X + 1 papers with X + 1 citations or more. The citing articles are those that cite the
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material considered in the analysis. The citation thresholds considered in the study analyze the number of papers that are above a specific number of citations.
The work uses the Web of Science (WoS) database, which is currently owned by Thomson & Reuters. Specifically, we use the WoS Core Collection, which indexes documents that are usually recognized as having the highest quality. WoS currently has more than 15 thousand journals and more than 50 million documents. Other databases that classify scientific research include Scopus and Google Scholar.
The search process uses the name of the journal "International Journal of Intelligent Systems" with the search option "Publication Name." The search considered all of the documents published in the journal between 1986 and 2015. Note that WoS only includes the journal since 1987. Therefore, for 1986, we developed a manual search through the Cited Reference Search tool and examined the documents available in 1986 on the webpage of the journal. The search process found 1602 documents published in the journal during its first 30 years. Currently, IJIS has received 16,865 citations and has an h-index of 54. That is, of the 1602 documents, 54 have received 54 or more citations. 25 Note that the search process was performed in November 2015, when all of the documents published in the journal in 2015 were available in WoS.
Finally, note that the study provides a general picture with the aim of identifying the leading trends that have affected the journal during these three decades. However, many limitations can occur due to the particular issues that affect different types of research. For example, WoS always provides one unit to any coauthor of a paper and one unit to each participating institution and country. However, this approach gives an advantage to papers written by many authors because it does not divide the paper according to the number of coauthors or institutions involved in the paper. Therefore, papers by authors who tend to publish individually obtain lower results than do papers with several authors because the effort to write a single-author paper is greater than that for a multiauthored paper. Moreover, WoS does not consider the number of pages of an article or many other related issues that could condition the analysis. In any case, the paper uses a standard methodology that can offer a representative view of the results found in the database.
RESULTS

Publication and Citation Evolution of IJIS
IJIS started publishing papers in 1986. At that time, it was a quarterly journal. In the nineties, it increased from five issues in 1990 to seven issues in 1991, eight issues in 1992, and nine in 1993. Finally, it consolidated as a monthly journal in 1994. Owing to this pattern, the first years saw an important increase in the annual number of documents published in the journal. Figure 1 shows the evolution of the number of papers published annually.
As seen, the number of papers increases until 2001, when it began stabilizing at approximately 60 to 70 papers per year. Observe that in recent years, the annual number of papers published in the journal has decreased slightly. Owing to the increase of research and journals worldwide, the average citations received in each year is increasing over time. However, the average citations by each article are less in recent years because these articles are new in the literature and have not had time to obtain a significant citation rate. Obviously, these data are dynamic and will change in the future once these articles reach maturity.
Next, let us examine the citations that the documents published in IJIS have received over time. Table I presents the citations that the documents published in each year have received in WoS. Note that the citation thresholds indicate the number of papers published in a specific year that have surpassed a number of citations.
Currently, 2001, 2002, and 2003 are the years when the documents published in the journal reached the highest impact, with more than 1000 citations. Note that slightly more than 1% of the articles have received more than 100 citations, approximately 25% have received at least 10 citations and 77% of the articles have received at least one citation.
Another interesting issue concerning citations is to analyze the most-cited papers published in the journal. Table II presents the 50 most-cited papers. Yager has the most-cited paper in the journal. This paper, published in 1996, analyzed new contributions to the knowledge of the ordered weighted average (OWA) operator. 26 Zeshui Xu (one with Qingli Da) has the second and third mostcited papers, 27, 28 and Vicenҫ Torra the fourth and fifth most-cited papers. 29, 30 Note that the paper by Torra published in 2010, in which he introduces the concept of hesitant fuzzy sets, has the highest number of cites per year.
IJIS has received 16,865 citations during these 30 years. Through WoS, we can analyze those papers that cite the journal through the "citing articles" link available in the citation report section. Table III presents those articles that have cited IJIS, classified by journals, years, institutions, countries, and authors. Information Sciences is the journal that primarily cites journal. IJIS appears in second position. Note that IJIS does not occupy the first position because it publishes a lower number of articles than does Information Sciences. Therefore, it is easier for Information Sciences to cite IJIS more frequently. Most of the leading journals in the field 1 appear in the Top 30. Concerning years, as seen in Table I , there is a progressive growth over time in the number of citations. The University of Granada has the highest number of citations to the journal. In terms of countries, China is the leading citing country. Concerning authors, Zeshui Xu, Ronald Yager, and Francisco Herrera are the authors that provide the most citations per author to the journal.
Leading Authors, Universities, and Countries in the Journal
Many important contributions have been published in the journal by a wide range of authors, institutions, and countries. In this section, let us focus on those contributions that have led the journal. First, let us initially analyze the work of the most productive and influential authors. Table IV presents the 50 most influential authors in the journal, with a minimum publication level of five papers. Thus, the ranking is according to citations but only considering those authors who have published at least five documents in IJIS. Zeshui Xu is the author that has received the highest influence based on his papers published in the journal. Yager appears in the second position, although he is the most productive author in the journal. Note that Xu and Herrera have published six papers among the 50 most cited in the journal. Additionally, these three authors are very highly cited, particularly Herrera and Yager, who have more than 15,000 citations in WoS, which implies that they are very highly ranked in this field worldwide. Note that other very highly cited researchers have also influenced the journal significantly including Henri Prade, Didier Dubois, Enrique HerreraViedma, Witold Pedrycz, and James C. Bezdek.
Next, let us examine the productivity of the leading authors over time. Table V presents the evolution of the publications of the most productive authors in the journal. Note that the publications before 1996 are summarized in two groups of 5 years. As seen, with very few exceptions, it is uncommon for an author to publish more than one paper in the same year. In particular, note the case of Zeshui Xu, who has published at least two papers every year since 2010. Moreover, the table also shows the citation thresholds that these papers have reached to date.
Many institutions have a great deal of influence in IJIS. Usually, the leading institutions are those at which the leading authors work. However, occasionally, some institutions include a wide range of leading authors, making them more influential. Table VI shows the 50 most productive institutions in IJIS. Note that the table also considers citations, citations per paper, and the h-index.
The University of Granada obtains the most remarkable results, with a publication volume much higher than other institutions. Note that this difference is also seen in Table IV , which shows that five of the Top 10 authors work at the University of Granada. Many others are also seen in the Top 50 or working at another institution but with close connections. There is a huge imbalance in the list, which includes many English-speaking and European institutions. Note that this imbalance is quite common in science and technology but not in social sciences, in which English-speaking countries tend to have a stronger dominance in the rankings. 4, 6 When developing the institutional analysis, it is also interesting to see the evolution over time. Table VII presents the temporal evolution of the most productive institutions.
As seen, for most of the time, the University of Granada has been the most productive university in the journal with the exception of the first 10 years, when the CNRS (France) and Iona College (USA) had more-significant results.
Another interesting issue to consider is to classify the authors and institutions by countries. Thus, we can see the regions in which IJIS is more influential. To perform this classification, Table VIII presents the 30 most productive countries in the journals. The countries are ranked by total productivity, although other indicators are considered including citations and productivity and influence per person.
The USA, Spain, and China are the leading countries in IJIS. Note the case of Spain, because it is a much smaller country compared with the other two. These positions can be observed by examining the per capita results, in which Spain obtains a very remarkable rate. Note that Belgium also obtains results similar to Spain. However, because it is four times smaller, it does not occupy a significant ࣙ100, ࣙ50, ࣙ20, ࣙ10: Number of articles over the citation threshold. position at the top of the list. Observe that some developing countries also appear in the list including India, Turkey, Brazil, Iran, Mexico, and Thailand. Currently, they do not have significant positions, although expectations for the future are that they will continue growing significantly, reaching results similar to those that China has already obtained. Next, let us examine the productivity of countries over time. Table IX presents the temporal evolution of the publications of the 30 countries that appeared in Table VIII . During the first years of the journal, the USA was the most productive country. However, Spain and China are now publishing more. Spain has had a more stable evolution over time, whereas China has been increasing its productivity significantly in recent years; currently, it is the most productive country in the journal.
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To obtain a more general perspective of the country analysis, Table X analyzes the countries grouped by continent. Note that for some huge continents, the table also divides between smaller supraregions to obtain a deeper perspective of each region. Western Europe is the most productive region in the journal followed, by North America, and Eastern Asia. Developing regions do not publish so much, although they also have a significant number of publications compared with other fields in which their publication rate is much lower. This result is particularly interesting when examining the temporal evolution, which shows the growth of developing nations. However, note that this growth is seen particularly in Eastern Asia (and is led by China) but not so much in the remaining regions, in which the results remain quite stable. Table XI shows the results.
As seen, Eastern Asia has grown significantly in the journal and now is the most productive region, although very close to Western Europe. North America has lost much of its presence in the journal, with a significant decrease over time. Note that the main reason is that IJIS has continued publishing a similar number of papers in recent years, even reducing the number a bit. Therefore, the significant increase of submissions to the journal from other countries has resulted in the USA publishing much less compared to other countries than it did previously. 
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MAPPING IJIS THROUGH THE VOS VIEWER SOFTWARE
To obtain a more complete picture of the leading trends occurring in IJIS, this section develops a graphical analysis of the leading issues in the journal. We use the VOS viewer software, 20 which visualizes the bibliographic material through bibliographic coupling 21 and co-citation analysis. 22 Bibliographic coupling occurs when two documents published in IJIS cite the same third document. Note that the two connected documents appear in the figure but not the third one unless it also has a significant degree of bibliographic coupling through other documents. Co-citation occurs when two documents receive a citation by a third document that has been published in IJIS. Note that the figure visualizes the two documents that receive the citation but not the third document that cites the other two. Therefore, bibliographic coupling represents the highest productivity in the journal and represents how this research is connected. Moreover, co-citation shows the most-cited research in the journal and its connections. 31 To perform the graphical analysis, let us focus initially on bibliographic coupling. Figure 2 presents the bibliographic coupling of the most productive authors in IJIS.
As seen, Yager is at the core of the graph, with the most significant connections. Herrera, Xu, Dubois, Prade, and Kandel also have significant positions.
Next, let us examine the bibliographic coupling of institutions in IJIS. Figure 3 shows the results. Note that the institutions have a strong connection with the authors because they represent the affiliation of the authors that publish in the journal.
The University of Granada is at the core of the graph. As was explained in Table VI , many leading authors in IJIS work at this institution. The Polish Academy of Sciences, the National Research Council of Spain (CSIC), Iona College, Southeast University (China), and the Chinese University of Hong Kong also have a significant position in the graph. Now, let us focus on co-citation analysis. A first interesting issue here is to consider the most-cited papers in IJIS and to consider how they are connected with other papers. Figure 4 presents the co-citation of documents.
The most-cited paper in the journal is the seminal paper of Zadeh about "Fuzzy sets" that was published in 1965 in Information and Control. 32 This paper is among the 50 most-cited papers of all time in all sciences and the most-cited paper in computer science.
1 Very close to this paper appears the seminal paper of Yager about the OWA operator. 33, 34 Note also that several books are highly cited in the journal including the book of Shafer about the theory of evidence 35 and the book of Klir and Yuan about fuzzy sets and systems. 36 Zadeh and Yager are the authors with the highest number of papers in the graph. Next, let us analyze the co-citation of journals in IJIS, that is, those journals that have received the highest number of citations in the journal. Figure 6 presents the results.
Fuzzy Sets and Systems is the most-cited journal in IJIS, followed by IJIS itself. Close to these appear Information Sciences, Artificial Intelligence, and the IEEE Transactions on Systems, Man and Cybernetics that now is divided into three journals. Most of the journals are from the computer science area, although other areas close to this field also appear including engineering, mathematics, and operations research.
Finally, let us develop a keyword analysis of the journal to identify the most frequently used keywords in the journal. Figure 7 presents the leading keywords of IJIS.
As seen, keywords such as preface, special issue, case, review, and so on are quite common in many journals. However, some groups of keywords clearly show the profile of the journal. First, at the bottom of the graph we see several keywords about decision making, aggregation operators, and OWA operators. At the rightbottom side of the graph, we identify several keywords about fuzzy sets and systems. These two groups are the most significant, although there are others in the fields of probability, knowledge, and, more generally, of computational intelligence.
CONCLUSIONS
The IJIS is now 30 years old. Many research contributions have been published during this time. This study has presented a bibliometric review of the journal during this period to identify the leading trends that have occurred in the journal. The analysis has been performed by searching for the bibliographic material in the WoS database. 37 Several bibliometric indicators have been considered including the total number of publications and citations, the h-index, cites per paper, citation thresholds, and citing articles. The results indicate that IJIS is a leading journal in the computer science field, with a special focus on intelligent systems construction that includes fuzzy systems, aggregation operators, decision making, and computational intelligence in general. The journal is strongly connected to other leading journals such as Fuzzy Sets and Systems, Information Sciences, IEEE Transactions on Systems, Man and Cybernetics (now divided into three parts), and the IEEE Transactions on Fuzzy Systems. Zeshui Xu and Ronald R. Yager are the most productive and influential authors in the journal in terms of papers published and citations that these papers have received. The University of Granada is the leading institution according to these indicators. From these results, three countries show the most significant presence in the journal: China, USA, and Spain.
The article also develops a graphical analysis of the publication and citation structure of the journal to map the leading issues in the journal and see how they are connected. For doing so, the paper has studied bibliographic coupling and cocitation. Bibliographic coupling shows the papers that are published in the journal and how they tend to cite the same material. Co-citation analyzes the material cited primarily in the journal and determines which published documents tend to receive citations from the same sources. The graphical results are quite consistent with the results seen in the tables. However, note that the most-cited authors in the journal are Lotfi A. Zadeh and Ronald R. Yager; their seminal papers are the leading documents on fuzzy sets 32 and OWA operators. 34, 38 This paper provides an overview of the leading trends in the journal over the last 30 years. This approach is useful to obtain a general overview. However, note some limitations. First, the results can change over time, and many new issues might appear and condition the journal in the future. Second, we follow the methodology that WoS uses for classifying bibliographic material. However, this approach has limitations that also affect this study. 39 For example, it provides one unit to any participating author, institution, and country in the paper. However, it could also be interesting to develop a fractional counting. Note that the work has implemented fractional counting in the VOS viewer analysis but not in the tables. In any case, the approach of WoS is acceptable because it is not easy to design a fractional counting because some authors might have contributed more to the paper and so on. Finally, it is worth mentioning that the article measures the bibliographic material. However, productivity and influence can often be conditioned by popularity and other related factors. Therefore, very good research might occasionally not appear highly rated. In this context, the paper aims to identify leading trends and be informative. However, many exceptional cases can appear in the analysis.
